O since the last glacial maximum (LGM) is at least 12.5 per mil, compared with an expected value of 7 per mil, suggesting that LGM ice originated at the much higher elevations of the then existing Foxe Dome and Foxe Ridge of the Laurentide Ice Sheet. The LGM ␦
18 O values suggest thick ice frozen to the bed of Hudson Bay.
The Penny Ice Cap on Cumberland Peninsula, Baffin Island, is the southernmost major ice cap in Canada. During the Wisconsin Ice Age, the ice cap was connected to Foxe Dome (1, 2) (Fig. 1A) . Field evidence suggests that during the Holocene, the position of the central ridge of the thicker southeastern part of the ice cap was stable (3) . Presently, the central ridge has a maximum surface elevation of 1900 meters above sea level (masl) (Fig. 1B) .
In spite of relatively high melt (4), we established Holocene chronologies for ␦ 18 O and ice chemistry. The proximity of the core to Baffin Bay and the major glaciological changes that occurred during the Holocene make this core an important record. The Wisconsinan ice has sections of low ␦ 18 O and high calcium concentrations. In particular, the episode attributed to the LGM [18 thousand years ago (ka)] suggests origins deep inland on the Foxe Dome and Foxe Ridge of a Laurentide Ice Sheet dominated by Hudson Bay ice frozen to its bed.
Two ice cores 16 km apart reached the bed of the Penny Ice Cap. The 333.78-m P95 core was drilled on the central ridge (1900 masl) (Fig. 1B) ; we analyzed ␦ 18 O, calcium and sodium concentrations, and solid conductivity [electrical conductivity method (ECM)] (Fig. 2) . The 177.91-m P96 core was drilled at the top of a separate but joined ice dome (1810 masl) (Fig. 1B) ; at present, ␦ 18 O and ECM has been measured for P96.
The value of ␦
18 O (5) in precipitation is negative and is related to a site's location in the water cycle (6, 7) . For high-elevation polar ice masses, the site's air temperature plays a role, as can its elevation. Time series derived from ice-core ␦ 18 O have the flow effect included, whereby older (deeper) ice originated from higher up a flow line, which may have been evolving. Presently, P95 and P96 are close to or at the local highest point (Fig. 1B) , so recent ice has local origins in both cores. ECM is a measure of solid-ice conductivity (8) and is mainly controlled by pH. Calcium (concentration [Ca 2ϩ ], measured in nanograms of Ca 2ϩ per gram of ice) is mostly from airborne mineral dust, and the sodium (concentration [Na ϩ ]) is primarily from sea salt (9, 10) .
The ice temperature at a depth of 15 m measured by Holdsworth 2 km down-ridge from P95 was Ϫ14.4°C (11) . Under present conditions, the calculated bottom temperature for P95 is Ϫ8°C (12), so there is little chance that basal melting occurred during the Holocene. At the P95 and P96 sites, 40 and 80% of the accumulation, respectively, melts and refreezes (4) . The accumulation rate at P95 as determined from the depth of the 1963 bomb layer is 0.37 m (ice equivalent) per year, and the rate determined from the depth of the volcanic layer deposited by the 1783 A.D. Laki event is 0.36 m/year. The Laki-derived accumulation for P96 is 0.188 m/year. At P95, the modern ␦ 18 O is Ϫ24.23 per mil; modern ␦ 18 O at P96, however, is Ϫ23.37 per mil. There is scouring of winter snow at the P96 site in half of the winters. If the cold (low ␦) winters of P95 are numerically removed (13), the resulting stratigraphy resembles that for P96 (Fig. 3) , and the average ␦ shifts from Ϫ24.23 to Ϫ23.5 per mil, which is close to the average for the P96 site. The average accumulation at P95 drops 39% when the deep winters are numerically removed. This sort of episodic scour biases the differences between the sites to the cold ␦ years (Fig. 4) . This episodic scour is different from the more continuous scour seen in drier snow areas (14). (Fig. 2) , and (iv) "measured" annual layer thickness as a function of depth.
Seasonal layers are apparent in parts of the P95 core, as in cores from Greenland (17) , and can be used to obtain the annual layer thickness, but elsewhere in the core, the melt smoothed the seasonal variations in ␦ 18 O and chemistry either by vertical mixing resulting from melt transport or by diffusion. Because they are altered, these surviving seasonal variations are referred to as post-depositional annuals (PDAs). By experimenting with power spectra of depth series of sufficient resolution (1 mm), we found that the three or four highest frequency power concentrations tracked what was left of the PDAs. With increasing depth, these (and other) peaks migrated to higher frequencies as the layers were thinned by densification and vertical strain. The ECM record proved to be most useful because of its 1-mm resolution and because the ECM PDAs tend to be retained even in high melt (18) . The spectral method works on any sequences of PDAs and does not require that they be continuously well defined. The method gave an age for the 1783 Laki deposit that was off by 3% and an age for the Wisconsin transition that was 8% too young. The four largest identifiable volcanic (ECM) signals have ages within 15% of their expected ages. The layer thickness ages were used back to 7900 years before present (at 319-m depth, where the annual layers are about 4 mm thick) and were then adjusted smoothly to the end Wisconsin age, 11,550 Ϯ 70 years before present (19) .
Because the P96 accumulation rate is smaller, its annual melt percent is higher, and the total thickness is less than that for P95, it is more difficult to identify and 18 O record was assigned the GRIP-GISP2 age. Between the fixed points, the ages were interpolated according to a simple Nye model (20) .
The GISP2 and P95 sea-salt sodium records (9, 10) (Fig. 5B) (Fig. 4) . The annual ␦ 18 O series correlation between P95 and P95.2 is what is expected for a lowlatitude site that does not suffer major vertical cross-year mixing of water (21) . The correlation between 40-year segments of the P95 and P96 annual ␦ 18 O series is from 0.3 to 0.5 (Fig. 4) , which is typical for sites separated by 10 km.
The ice age parts of the P95 and P96 ice cores (Fig. 6) (25) . Penny might be expected to have a ␦ 18 O step close to that of the Dye-3 core from south Greenland (7 per mil) (25) instead of a value of 12.5 per mil. When allowance is made for molecular diffusion of the isotopic signal, the P95 value increases to 14 per mil (6, 26) . Only the Barnes Ice Cap on Baffin Island has a similarly large value (15 per mil) (27) ; the value for Barnes has been attributed to climate-related changes (7 per mil), recent (Holocene) melt effects (3 per mil) due to summer runoff of accumulation, and a higher point-of-origin elevation (5 per mil).
The higher elevation hypothesis suggests that the LGM Barnes ice originated high up on the then-existing Foxe Dome (Fig. 1A) . There is no fractionation due to melt-water runoff on Penny Ice Cap. The 12.5 per mil change in ␦ 18 O for the Penny transition may then be divided into 7 per mil for climatic change and 5.5 per mil for point-of-origin elevation change.
Steady-state reconstructions of the LGM Laurentide ice cover connect the Foxe Dome and the Cumberland Peninsula ice with a saddle-free ridge (2) (Fig.  1A) . Two reported reconstructions are (i) a Laurentide Ice Sheet with a deformable (soft) bed under Hudson Bay and basal temperatures at the melting point (SHB) (Fig. 1A) and (ii) a Laurentide Ice Sheet with an undeformable (hard) Hudson Bay bed where basal temperatures are below freezing (HHB) (2) .
The calculated Foxe Dome elevation for the SHB case is 2200 masl, and for the HHB case, Ն2400 masl (2). The present P95 site elevation is 1900 masl. Therefore, allowing for a sea level that was 100 m lower during the LGM, and assuming a standard relation between elevation and ␦ 18 O of Ϫ0.6 per mil per 100 m (6), the SHB and HHB reconstructions give ␦ 18 O shifts (due to elevation) of 2.4 and 3.6 per mil, respectively. In the HHB reconstruction, the Foxe "Dome" is part of a long ridge running eventually to the Keewatin Dome (2) . A shift of 5.5 per mil would require the LGM ice to originate from 2700 masl. This elevation is consistent with an origin on the long Keewatin-Foxe Ridge of the HHB reconstruction. The SHB LGM reconstruction does not produce high enough surface elevations (Fig. 6D) .
The Penny ice-age core sequence is compromised by discontinuities caused by flow. In the Devon Island (24), Agassiz (23), and Greenland surface-to-bed ice cores (28), 18 O record for P95 corrected for molecular diffusion using a diffusion length of 2.2 cm (26). Section a is over-represented in P96, because of boudinage, and corresponds to a much smaller section of the core in P95, whereas section b is similar in both cores; the discontinuity at c in P96 possibly matches P95 where indicated. The elevation scale in (D) (in meters above sea level) uses the standard ␦ 18 O-elevation relation for Greenland to assess the height of origin of the ice. The shading refers to the possible elevation ranges explainable with the SHB and HHB glacial reconstructions (2).
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Comparison of the P95 and P96 bottom records of ␦ 18 O (Fig. 6 , B and C) demonstrates that there is one section with signatures common to both cores (section b). In addition to having a similar shape and average, they share the characteristic low-ECM signature found in Northern Hemisphere late glacial ice (23, 30) . There appears to be an example of boudinage in P96, where one section (section a) is much narrower in P95. There are also examples of sections unique to only one core: Discontinuity c is unique to P96.
Although there is not a strong Younger Dryas (YD) signal in either P95 or P96, there is a hint of one in P95 (Fig. 6D) . The Allerød-Bølling warm period (higher ␦) that gives definition to the subsequent YD in Greenland and Devon ice cores has possibly been partly masked in the ␦ 18 O changes because of the transition from flow off of the Foxe Dome to local flow within the Penny Ice Cap. It is also possible that the signal is missing in both cores because of flow-induced discontinuities or boudinage thinning combined with molecular diffusion.
The Agassiz melt and ␦ 18 O Holocene records (14, 23, 31, 32) are shown with those from P95 and P96 (Fig. 5A) The argument for a substantial change in Penny Ice Cap thickness in the early Holocene takes support from a comparison between the P96 and P95 ␦ 18 O records. In the early Holocene (11.55 to 8 ka), the two records run close together (Fig. 5A) , when one would expect the sites to share a common flow line on a larger ice cap. As the ice cap thinned, the P95 and P96 sites would receive progressively more locally derived ice whose ␦ value would reflect more winter snow scouring at P96. The divergence of the ␦ 18 O records 8000 years ago marks the beginning of the regimes of local accumulation and scouring.
The Agassiz melt record (Fig. 5A ) shows that ice in the early Holocene was composed entirely of melt ice (that is, the Agassiz sites were in the zone of superimposed ice and experienced some runoff). Furthermore, the same ice shows extremely low ECM signals indicative of de-acidified ice, which is indicative of heavy melt and runoff (16) . Neither the P95 nor the P96 core shows such a low ECM signal in the early Holocene (Fig. 2) , even though the Penny sites have much higher melt than those on Agassiz. The higher elevation of Penny Ice Cap during the early Holocene would therefore partly offset the warmer summer temperatures. Much higher accumulation was probably also a mitigating factor.
